Fructose occurs in fruits, vegetable, and sweetened drinks alongside glucose as free sugars or bound in sucrose, but may also be bought in a pure form. A link between sugar-sweetened drinks (SSD) and body mass index (BMI, kg/m 2 ) is inferred from systematic reviews of both prospective cohort studies (PCSs) and randomized, controlled trials (RCTs) (Malik et al., 2006; Wolf and Dansinger, 2008) . The link is seemingly strong because such studies rank highly among types of studies according to evidence-based principles on causality. On the other hand, the study results are heterogeneous, and more objective meta-analysis shows SSDs to have a "small" effect on BMI (Forshee et al., 2008) ; therefore, a focus on fructose and SSD may then serve only to divert attention from major causes of obesity .
Ecological studies. An ecological link between fructose supply and obesity prevalence has been proposed (Bray et al., 2004) ; however, data on obesity are too scant to make a formal (Gross et al., 2004) or statistically significant link (Livesey, 2009 ), especially given that other confounders have also changed (Anderson, 2007) . Cross-sectional studies. Among such studies, no relationship exists between total fructose intake and BMI in adults (Livesey, 2009) , whereas studies of SSDs and body weight in children and adolescents are inconsistent (Malik et al., 2006) . Prospective cohort studies. A meta-analysis by Forshee et al. (2008) of combined longitudinal studies in children and adolescents linked one SSD per day with a possible steady-state rise in BMI of 0.02 kg/m 2 . If not a steady state, the duration of such studies from one to 10 years, implies that obesity would generally take longer than a lifetime to develop (Livesey, 2009 ).
Limitations to the Forshee et al. meta-analysis have been examined (INLogic Ltd, unpublished, 2008) . The examination revealed that (1) studies less than one year in duration associate SSD consumption with incomplete caloric compensation and weight gain, whereas those of longer duration yield effects that are too small to explain the recent obesity epidemic. (2) Such effects of SSDs in preschool-age children, adolescents, and adults are not significantly different. (3) Effects in obese persons are not consistently higher than in normal-weight persons. (4) Across all studies, caloric compensation to SSDs is >98%, except in studies of less than FRUCTOSE, OBESITY, AND RELATED EPIDEMIOLOGY 27 one year in duration. Finally, studies published to date (2009) since the meta-analysis by Forshee et al. (2008) are of inadequate weight to affect their findings, as expected .
The implication for SSDs and related fructose consumption in the long term, therefore, is caloric dilution of dietary nutrient density (see below) rather than obesity. Marginal micronutrient deficiency could then replace marginal adequacy (Institute of Medicine, 2003) .
Unpublished or incompletely reported studies and inverse analyses. Two unpublished or incompletely published cohort studies (see Dubois et al., 2007; O'Connor et al., 2006) are said to demonstrate no link between overweight and SSD intake-because these studies provide insufficient data to enter into meta-analyses, they contribute further to the publication bias found by Forshee et al. (2008) . Three reported cohort studies (Blum et al., 2005; Libuda et al., 2008; Tam et al., 2006) were analyzed inversely, that is, they linked SSD intake to body weight as a determinant. These studies showed obese persons to consume more SSDs than average (not SSDs causing obesity). Such results could arise either because energy demand is higher in the obese and is being met by SSD intake or because persons succeeding to reduce body weight by a variety of means included in their strategy the replacement of SSDs with diet drinks. Such represents a response to control energy balance and cannot be interpreted as effects of fructose on obesity.
Limited research. Some results are unexpected: Three studies (Dubois et al., 2007; Ebbeling et al., 2006; Schulze et al., 2004) have reported that SSD intake affects body weight by more than what is suggested by Forshee et al. (2008) and our own metaanalyses would predict. In an additional study, the replacement of sucrose with aspartame did not affect weight loss over a period of 12 months in obese persons, but weight rebound was reduced in aspartame consumers (Blackburn et al., 1997) . The reasons for these unpredicted effects are unclear. The replication of such effects has not been attempted, so there is a high risk of a false claim or inadequate interpretation (Ioannidis, 2005) . None of these authors could assign the cause of effects they found to fructose versus co-ingested glucose or other carbohydrate, energy, or related ill-lifestyle choices.
Beyond body weight: type-2 diabetes and lifestyle. Since more fructose has appeared in the US food supply, the rate of increase of type-2 diabetes has fallen (Livesey 2008, unpublished ecological observation) . Among cross-sectional data, type-2 diabetes is most prevalent among low consumers of total fructose at all ages in adults (Livesey, 2009 ). Furthermore, prospective association of type-2 diabetes with free fructose is found inconsistently, and when apparent it is no stronger than that for free glucose (Janket et al., 2003; Meyer et al., 2000; Montonen et al., 2007) . Fructose in sucrose has been associated with a lower incidence of type-2 diabetes (Janket et al., 2003; Meyer et al., 2000; Montonen et al., 2007) ; statistical data have shown the meta-analytical relative risk of 0.85, with a 95% confidence interval of 0.73-0.97 (INLogic Ltd, unpublished, 2008) . Frequent SSD intake and type-2 diabetes have also been associated prospectively (Schulze et al., 2004) . However, caloric dilution of non-soda-related dietary energy by SSDs is approximately five times too small to explain an associated 50% to 60% lower nutrient density for magnesium and cereal fiber, and a 25% lower physical activity. Moreover, a simultaneous increase by 20% occurs in glycemic load. These and likely other lifestyle factors associate independently with type-2 diabetes and collectively would confound the interpretation 'effect caused by SSDs'. Furthermore, meta-analyses of limited data have shown that fructose at doses consumed by the majority of persons in the United States will lower HbA 1c and marginally, although not significantly, improve insulin sensitivity and fasting plasma triglycerides Livesey, 2009) . With respect to type-2 diabetes, a causative role for fructose per se-or even a preventative role of moderate or possibly higher intake of pure fructose-remains to be established Livesey, 2009 ). The observations reported herein are consistent with a view that many claims in the scientific literature are false (Ioannidis, 2005) and that there is need for insightful meta-analyses.
